ABSTRACT: Natural trace element signatures have increasingly been used to track the dispersal of marine larvae, and these studies require an atlas of potential source populations with distinctive elemental signatures. To determine whether natal site atlases could be used repeatedly and to identify site characteristics that yield the best results, we built atlases in 5 consecutive years using embryos of the porcelain crab Petrolisthes cinctipes that were collected from 15 sites spanning 190 km of the open coast of northern California, USA. We analyzed the elemental composition of the embryos using a discriminant function optimization procedure to determine the suite of elements that resulted in the best reclassification success for individual sites and groups of sites each year. No single element or group of elements succeeded in discriminating the origins of embryos every year, and the reclassification success of the atlas varied at all spatial scales among years. Average reclassification success at the site level ranged annually from 39.5 to 54.3% correct, and combining sites into 2 or 3 areas improved the overall reclassification success to 72.5 to 97.7% correct. Sites with (1) distinctive elemental compositions of rocks, (2) unusual habitats, (3) consistent freshwater input, (4) consistent anthropogenic inputs, or (5) complex local oceano graphy had the highest reclassification success (up to 86.7% correct), but interannual variation in runoff reduced the temporal stability of the atlas. To improve population connectivity estimates, future trace element studies should consider these 5 key characteristics when selecting sites and anticipate temporal variation in natal site signatures.
INTRODUCTION
Understanding how marine populations are connected is critically important for managing fisheries, marine protected areas, and the spread of invasive species as well as understanding the evolution of life in the sea. However, most benthic marine species have a 2-stage life history: relatively sedentary adults release hundreds to millions of minuscule larvae that develop for weeks to months in the water column before settling to adult populations. Determining where these larvae go is essential to understanding population connectivity but is technically challenging. Visually tracking individuals is impossible for all but the largest larvae and even then only briefly (Olson 1985 , Carlon & Olson 1993 . Artificially tagging larvae is usually impractical because the mark must be distinctive, easily applied to millions of individuals, retained throughout larval development, invisible to predators, non-stressful to larvae, and effectively recovered from settled juveniles (but see Jones et al. 1999 , Almany et al. 2007 ). Using naturally oc curring 'tags' from the distinctive signatures of trace elements in water masses is more feasible (Thor rold et al. 2002) . Elemental signatures are either transferred to larvae by their mothers or absorbed from the natal environment and retained throughout their pelagic development (Levin et al. 1993 , Anastasia et al. 1998 , DiBacco & Levin 2000 . Dispersal trajectories and the natal origins of larvae can be determined by matching the natal elemental signatures of settlers to the signature of the location where they hatched. To do this, researchers first create a natal site atlas using embryos (e.g. Carson et al. 2008) or outplanted larvae (e.g. Becker et al. 2005) and then collect settlers and match their trace elemental signatures to that atlas (Thorrold et al. 1998 , Becker et al. 2007 , Hobbs et al. 2007 .
Previous research has shown that the success of a natural trace element study depends largely on how many sites are sampled for the natal atlas, the dispersal distances of larvae, and the distinctiveness of site signatures. Widely spaced sites can be easily distinguished, even among multiple years (Zacherl 2005) , but closely spaced sites can be difficult to resolve, especially in open coast environments (Neubauer et al. 2010) . Differentiating trace element signatures among closely spaced sites is important because many larvae likely disperse relatively short distances (Strathmann et al. 2002 , Swearer et al. 2002 , Morgan et al. 2009 ). Increasing the number of sites and focusing on areas that are an appropriate scale for the study organism will reduce the likelihood of settlers coming from locations beyond the study area, providing a fuller and more accurate representation of local connectivity without needing to assign settlers to unknown sites (White & Ruttenberg 2007 , White et al. 2008 . Additionally, determining the temporal stability of natal site atlases is essential (Carson et al. 2010 , Cook 2011 . If trace element signatures are stable, then a natal atlas would only need to be created once, thereby reducing the effort and expense required to conduct population connectivity studies. Conversely, if local trace element signatures vary interannually, then developing an atlas only once would yield misleading results in subsequent years.
By closely examining the factors responsible for creating and maintaining trace element signatures, investigators can select distinctive sites for the natal atlas, even along a short stretch of coastline. Trace element signatures are influenced by a number of factors (Table 1) , including geology (Preda & Cox 2001 , Peng et al. 2004 ), anthropogenic inputs (Flegal et al. 2005 , Hurst & Bruland 2008 , and freshwater runoff (Borrego et al. 2004 , Sanchez-Garcia et al. 2010 . In addition, the configuration of the coastline along the western margins of continents affects the strength of coastal upwelling and the composition of trace elements in water masses, as is clearly evident in the distinctive trace element signatures of upwelled waters (Sanudo-Wilhelmy & Flegal 1996 , Lares et al. 2002 , Chase et al. 2005 . Upwelling is typically strong at headlands (upwelling centers), and it is weak in the lee of headlands where water is recirculated (Graham & Largier 1997) . Interannual and seasonal variation in upwelling and precipitation also affect the trace element composition of water masses, which reduces the stability of atlases of water masses. For example, runoff of trace elements and pollutants into coastal waters could be greater during wet years than in dry years, which would increase the anthropogenic signal in those water masses while proportionally decreasing the natural trace element signal in those waters. Thus, geology, freshwater runoff, upwelling, and anthropogenic inputs combine to create a complex and diverse trace element seascape, and understanding the spatial and temporal contribution of each feature can improve the interpretation and ultimately the success of trace element studies in any region. (2006 to 2010) . We also reviewed factors that could have contributed to generating spatial variation in these signatures. Distinctive trace element signatures were expected to occur in the study area due to strong upwelling between Point Arena and Bodega Head, freshwater runoff from the Russian River, and contaminated outflow from San Francisco Bay (Flegal et al. 2005 , Connor et al. 2007 ). Furthermore, the elemental composition of rocks varies from Pleistocene-era terrace deposits of cobble to Miocene-era sandstone, shale, or mudstone, thus affecting the signatures of water masses along the coast (Wagner et al. 1991) . We created a site atlas for the porcelain crab Petrolisthes cinctipes because crabs are excellent candidates for trace-element studies. Embryos are brooded externally and incorporate trace elements from substrates as well as surrounding waters, resulting in distinctive signatures (Anderson et al. 2006 , Smalling et al. 2010 .
MATERIALS AND METHODS
We collected 10 to 25 ovigerous Petrolisthes cinctipes during the peak reproductive season (April to May) at each of our field sites from Fort Bragg in Mendo cino County to Abalone Point in Marin County (Fig. 1) and froze them individually in trace-element pure (Fisher) muriatic acid-washed vials. To determine embryo trace element signatures, we re moved 10 embryos from each crab, added 0.5 ml of 2 N NaOH (Alfa Aesar, trace element grade) to each sample, and dissolved embryo soft tissues in an 80°C water bath for 3 d. Samples were processed with a base because an acid would have dissolved the calcified structures as well as the soft tissues. Trace element signatures were investigated only in soft tissues because larval crustaceans can retain trace elements in their soft tissues through several molts (Anastasia et al. 1998) , and trace element signatures in embryo soft tissues are similar to soft tissue signatures of firststage zoea (Miller 2011) . Sample solutions were transferred to 50 ml acid-washed centrifuge tubes and diluted to 40 ml volume using Milli-Q ultrapure water. The trace element solutions from dissolved em bryos were analyzed using an Agilent 7500i in duc tively coupled plasma mass spectrometer (ICP-MS). We analyzed 31 elements, of which 22 were used be cause they occurred at levels at least an order of magnitude higher than background blank measurements (Table 2) . ICP-MS technical details, detection limits, and information on elemental standards can be found in Carson et al. (2008) . To avoid contaminating samples and due to the low number of embryos brooded by our study species, measurements of em bryo mass could not be used to standardize trace element data. Instead, we used raw element counts to create proportional scores for each sample (Aruga 1998).
Creating proportional scores was a multi-step process. First, ICP-MS counts for each element in blanks and samples were averaged, and any elements that were not at least an order of magnitude higher in the samples than in the blanks were eliminated from further consideration. Next, distributions of raw element counts were mapped along the latitudinal gradient in our study region to ensure that no elements varied by latitude (see Supplement 1 at www. intres.com/ articles/ suppl/ m474 p179_ supp. pdf). Element counts then were summed across each sample to get a total count for all of the elements still in consideration in each sample. Individual element counts were then divided by the summed total to create a proportional score for each element in each sample. Proportional scores for each element were then averaged within sites, after which we compared site averages among sites and eliminated elements that had order of magnitude differences. We then recalculated the proportional scores and checked for order of magnitude differences again. Checking for order of magnitude differences in elements among sites ensured that each elemental proportion was similarly scaled across sites and our proportional scores were comparable, accurately representing the true differences in elemental concentrations among sites. For example, if 2 sites had raw counts of 1 element that differed by an order of magnitude but very similar raw counts of 20 other elements, their proportional scores would be dramatically different, even though their actual trace ele ment signatures would be virtually identical. By eliminating the elements with order of magnitude differences, we can be confident that the trace element signatures created using proportional scores are accurate representations of the actual trace element signatures present in the samples.
Proportional scores do not accurately compare the concentrations of trace elements among samples, but rather the relative proportions of each element among samples. The creation and use of proportional scores is novel for the field of ecology but is well established in many other fields of science, including chemistry (Aruga 1998 , Fushimi et al. 2011 (Wu et al. 1990 ). These studies and others like them have successfully used proportional scores to create trace element signatures when the mass of material was unknown and then used those signatures to classify samples into groups as we do here.
We evaluated the reliability of the atlas of natal signatures in each year using leave-one-out ('jackknifed') reclassification success in discriminant analysis. The ICP-MS analysis and post-processing produced signatures of 9 to 20 elements for samples in each year. Using these, we sought to determine the optimal suite of elements that produced the highest reclassification success at 3 levels: site, area, and region ( Fig. 1 ). Sites were combined into broader groups based on oceanography and hydrography. In our study region, outflow from San Francisco Bay is strongly anthropogenically influenced (Flegal et al. 2005 , Hurst & Bruland 2008 and travels a variable distance along the outer coast (Wing et al. 1995) . We used features of the coast that approximately demarcated areas of differing San Francisco Bay influence (Point Reyes and Russian River) to combine sites into 3 areas or 2 regions (Fig. 1) .
We calculated the jackknifed reclassification success using quadratic discriminant analysis (QDA) at each level of spatial grouping for every permutation of elements available in a given year (511 to 410 210 elemental combinations). Element scores 182 Elements included in the optimized suite Mg Al Cl Ca V Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Mo Cd Ba La Pb Total Table 2 . The suite of elements yielding the optimal reclassification success using QDA for each grouping level (site, area, region) in each year. The total number of elements in each suite is displayed in the far right column were fourth-root transformed to meet the assumptions of normality and equal variances. To reduce computation times, we preceded the optimization procedure for each year with univariate analysis of variance (ANOVA) tests for among-site differences in each element; elements that were similar (p > 0.05) among sites were excluded from the optimization on the assumption that they would not provide good discrimination. In 2009 and 2010, nearly all elements differed among sites, and examining all permutations was not feasible due to the computational time required. The best success rates were obtained using 6 to 9 elements from 2006 to 2008, so for 2009 and 2010, we restricted our analysis to permutations over this range of combinations, i.e. 6, 7, 8, or 9 elements. QDAs were performed in Matlab 7.12 (Mathworks). From the range of permutations considered in each year, we identified those that produced reclassification success rates in both the 95th percentile for overall value and 95th percentile for the mean groupwise success rate. This identified element combinations that had high success for all of the groups rather than just a few. The optimal suite of elements was chosen from within that subset as the suite that had the highest overall jackknife success rate. If no permutation of elements was in the 95th percentile for both categories, we took the permutation that had the highest overall jackknife success rate.
We also determined how well each year's optimized suite of elements reclassified embryo trace element signatures in other years, to simulate reusing a natal site atlas over multiple years. For each year, we used the optimized suite of elements and the natal signatures to classify the other year's data. Elements not analyzed in both years were omitted. Sites sampled in the test year but not during the training set year were omitted (but not the reverse) because it would be impossible to get a correct classification for those sites. When possible, QDA was used, but when covariance matrices were not singular positive definite, QDA was impossible, and linear discriminant analysis (LDA) was used.
Unlike LDA, QDA does not produce canonical variates (i.e. linear combinations of the original variables) that can be used to graphically display the results. Therefore, we used sliced average variance estimation (SAVE; Pardoe et al. 2007 ) to visualize the results of QDA classification in 2 dimensions. We also performed QDA on the optimized suites of elements to create plots for visualizing results, investigating the relationships among sites, and identifying the elements that composed distinctive trace element signatures.
RESULTS
The optimal suite of trace elements used for reclassifying samples varied among years and even among spatial groupings (site, area, or region) within years ( Table 2 ). The optimal suite of elements contained from 4 to 9 elements, with 2006 and 2007 having on average the most and fewest elements, respectively. Though some elements belonged to the optimal suite for each level of spatial grouping in a given year, the optimal element suites for different groupings or years were never identical, and no single element belonged to all optimal element suites across all years. Vanadium (V), cobalt (Co), copper (Cu), arsenic (As), and rubidium (Rb) were all used in more than half the optimized suites, whereas iron (Fe), zinc (Zn), and molybdenum (Mo) were used in only 1 suite ( Table 2) .
The site-level embryo reclassification success ranged from 10.0 to 86.7% correct, with 2006 having the overall worst average reclassification success (39.5% correct) and 2009 and 2010 having the overall best average success (54.3% correct; Table 3 ). All success rates were greater than the 6.7% expected by the site-level null hypothesis that samples from the same site are unrelated, though in 2006 and 2007, some sites came close with only 10% correct ( Table 3 . Overall QDA reclassification successes for each year and group level. Columns to the right indicate sites, areas, or regions that had the highest ('best') and lowest ('worst') successes each year (see Fig. 1 for site abbreviations)
The by-area reclassification successes were much higher than the by-site success rates. The individual by-area reclassification successes ranged from 55.9 to 96.6% correct, with 2006 again having the lowest overall average success (72.5%) and 2008 having the overall best average success (95.1%; Table 3 ). The figures showed a consistent relationship among areas throughout the present study and illustrated the among-year variability in the separation of samples and thus reclassification success (Fig. 2) . Trace element signatures from the central and southern areas were the most dissimilar each year, and signatures from the northern area were intermediate, though spread among the areas varied.
Grouping sites into just 2 regions increased reclassification successes slightly over grouping sites into 3 areas, with individual regional successes ranging from 80.4 to 98.3% correct; 2006 had the lowest average success with 80.6% correct, and 2009 had the highest average success with 97.7% correct (Table 3) . Embryos from the southern region had higher proportions of cobalt and copper, which can be associated with anthropogenic inputs and have been shown to be tracers of San Francisco Bay outflow ( Fig. 3 ; Flegal et al. 1991 , Hurst & Bruland 2008 .
Proportions of trace elements in embryos varied among sites every year (see Supplement 2 at www. int-res. com/ articles/ suppl/ m474 p179_ supp. pdf), and optimized element suites from one year performed poorly when reclassifying samples from other years (Table 5) , making it difficult to use one year's natal atlas to classify embryos from a different year. In fact, elemental concentrations also varied interannually at the area level (Fig. 2) and the region level (Fig. 3) .
DISCUSSION
Our study showed persistent interannual variability not only in trace element signatures along the open coast but also in the reclassification successes of natal atlases. This reinforces the need to recreate a natal site atlas at least annually when conducting a study of population connectivity using trace elements in our region, suggesting that this could be the case in other study regions around the world. Importantly, our work also revealed that one-time ex plo ratory tests of the utility of trace element signatures in a given area may be insufficient to determine the likelihood of success; tests conducted in a 'good' year (such as 2008 in our study) will likely be overly optimistic, while tests conducted in a 'bad' year (such as 2006 in our study) might lead researchers to incorrectly conclude that a study will not work in any year (Table 5 ). However, investigating the geologic, anthro po genic, hydrographic, and oceanographic features of a study region could provide information about the potential success of a trace element study and help researchers determine the spatial scale of sampling that will create the most useful natal site atlas. For example, analyzing data at the site level does not yield useful reclassification success in most studies, particularly when sites are closely spaced (e.g. Becker et al. 2005) , so selecting distinctive, stable sites is important to increase the amount of information that could be gleaned from the study. However, this could be difficult, even in a multi-year study; some of our sites had consistently high reclassification success, some had consistently low success, and others had variable success among years (Table 4) ; ad ditionally, important trace elements varied among and within sites across the 5 yr of our study (Table 2 , see Supplement 2 at www. int-res. com/ articles/ suppl/ m474 p179 _ supp. pdf). Many sites also seemed to have at least 1 'bad' year when their reclassification success dropped far below those in other years, though these years varied among sites (Table 4) . Thus, determining the sites that are most useful in an atlas is difficult, but re-185 Fig. 2 . Paired panels showing the results of QDA analysis, visualized as the first and second SAVE variates for embryo samples (top panels A−C, G, H) and elemental associations (bottom panels D−F, I, J) for each year among 3 areas. Top panels illustrate how samples from different areas were related to each other, with ellipses representing 95% confidence intervals. Bottom panels illustrate elements that were associated with areas each year. Note differences in scales among years searchers can improve the chances of success by investigating local features before the study begins. The relative importance of each of these features may vary by region, but understanding how among-site differences could affect the success of a natal atlas is critical to conducting a useful trace element study, particularly when funds are limited.
Different geological formations along the coastline may have contributed to spatial variation in embryo trace element signatures among sites. The distinctive geology at Arena Cove and Abalone Point, for example, could be important to the high reclassification success rates at those sites. In contrast to the Pleistocene-era terrace deposits along most of the northern California coast, the cobble field at Arena Cove is composed of Miocene-era marine sandstone and shale from the Monterey Group formation (Wagner & Bortugno 1982) , and the cobble at Abalone Point is Miocene-era Santa Cruz mudstone (Wagner et al. 1991) . These different geologic deposits could likely 186 Fig. 3 . Results of QDA analysis, visualized as the first and second SAVE variates for embryo samples (top panels A−C, G, H) and elemental associations (bottom panels D−F, I, J) for each year between 2 regions. Top panels illustrate how embryo samples north of the Russian River were related to samples south of the Russian River, with ellipses representing 95% confidence intervals. Bottom panels illustrate elements associated with each region; note differences in scales among years. The regions were most distinct in 2009 (G) and least distinct in 2006 (A), as reflected in their reclassification success rates (97.7% and 80.6%, respectively) in crease the by-site reclassification success since rock types vary in their trace element signatures and their weathering could increase the likelihood that embryos from these sites have distinctive signatures (Klein & Hurlbut 1993 , Preda & Cox 2001 , Peng et al. 2004 ). Weathering of high-CaCO 3 sandstone may have resulted in the higher than average calcium concentrations at 3 sites in 2007 (see Supplement 2 at www. int-res. com/ articles/ suppl/ m474 p179_ supp. pdf; Klein & Hurlbut 1993) . Conversely, the consistently poor reclassification successes at some sites, such as Timber Cove and Shell Beach (Table 4) , could have been due to the widespread occurrence of Pleistocene deposits, which likely created similar trace element signatures at these sites. The effect of variation in the elemental composition of rocks may be less pronounced for broadcast spawners because eggs are not closely associated with the substrate for long durations as the embryos of brooders are, though if trace element signatures are maternally transmitted, this caveat would be negated (Warner et al. 2005 , Thorrold et al. 2006 . Variation in freshwater outflow can reduce the success of a natal site atlas by creating highly variable trace element signatures at some sites. For example, Bodega Harbor is a tidally flushed estuary that experiences negligible freshwater runoff during summer and fall but substantial runoff events during winter and spring. In particularly rainy winters, Petrolisthes cinctipes in Bodega Harbor is exposed to greater volumes of freshwater runoff as well as increased concentrations of pollutants, such as fertilizers, pesticides, herbicides, and automobile fluids (Smalling et al. 2010) . Freshwater runoff and pollutants may strongly affect the trace element signature of water masses and embryos in Bodega Harbor in a wet year, such as 2006 (124.5 cm rainfall), whereas the signature would be more heavily influenced by the influx of seawater during a dry year, such as 2008 (72.4 cm rainfall; data collected by the Bodega Ocean Observing Node at 38°19.110' N, 123°04.294' W; http:// bml. ucdavis. edu/boon/). Elements such as lead, zinc, and copper could be particularly variable because they have been shown to vary naturally among freshwater sources as well as with human influence (Table 1 ; Borrego et al. 2004 , Hwang et al. 2009 ). This varying influence of trace elements from anthropogenic sources and naturally occurring in freshwater runoff could account for the high variability seen in the reclassification success of embryos from Bodega Harbor (25.0 to 73.3% correct; Table 4) .
Consistent freshwater runoff, in contrast, can improve the success of a natal site atlas. The year-round outflow from San Francisco Bay may have generated the distinctive trace element signatures and high reclassification success at sites along the coast nearby, such as Abalone Point. Previous research has shown that all of the elements we sampled can vary among different freshwater sources due to natural and anthropogenic factors (Ouyang et al. 2006 , Zeigler & Whitledge 2011 , creating particularly distinctive trace element signatures in areas influenced by freshwater runoff. The sites near San Francisco Bay experience terrestrially derived, anthropogenically influenced waters year-round, creating stability in the embryo trace element signatures, particularly of cobalt and copper, which are tracers of San Francisco Bay outflow (Hurst & Bruland 2008) .
The strong anthropogenic and terrestrial influences of freshwater runoff from San Francisco Bay appeared to be the most important feature in our study region in determining the reclassification success of areas (Flegal et al. 1991 , 2005 , Connor et al. 2007 . When strong northwest winds periodically relax during the peak upwelling season, which coincides with the reproductive season for Petrolisthes cinctipes and many invertebrates in northern Califor- (Wing et al. 1998 ). These anthropogenically influenced waters only occasionally flow north of the Russian River in Sonoma County, so the river makes a logical dividing line in our study region (Fig. 1) . Thus, the area south of Point Reyes is heavily influenced by San Francisco Bay, the area between Point Reyes and the Russian River is periodically influenced by San Francisco Bay, and the area north of the Russian River is influenced by upwelled waters and their distinctive trace element signatures, rather than anthropogenic sources (Sanudo-Wilhelmy & Flegal 1996) . By dividing our study region into these 3 areas, we increased our reclassification success dramatically (Table 3) . Dividing the study region using only the Russian River as the border further improved our success but provided substantially less detail for only modest gains in reclassification success. Therefore, grouping sites into 3 areas along the coast provided the highest reclassification success while retaining the most information, as found by Carson et al. (2008) for the same area. Our high reclassification successes show that closely spaced sites along the open coast in a region of strong upwelling can have trace element signatures as distinctive as those found in studies that focused on widely spaced sites or included estuarine sites in their samples (e.g. Gillanders 2005 , Warner et al. 2005 , Becker et al. 2007 . Features such as retention zones, upwelling centers, geologic formations, and riverine inputs combine to create a complex patchwork of trace elements along the open coast.
Despite the many challenges in creating a trace element atlas, our results indicate that judicious site selection can improve the usefulness of a natal site atlas. Nevertheless, the temporal instability of trace element signatures requires the atlas to be reconstructed each year, and interannual reclassification success rates will likely vary (Table 5 ). Using closely spaced sites along the open coast typically leads to some sites having mediocre reclassification success, making it necessary to combine sites into groups that cover larger geographical areas (see also Becker et al. 2005 , Carson et al. 2008 . However, the connectivity of populations among a few sites with distinctive signatures can still be distinguished even under these circumstances.
Based on our experience, we recommend considering the following criteria for creating a natal atlas to ensure the highest possible by-site (or by-group) reclassification success, though they should be used as a guide to include more useful sites rather than excluding sites that do not have distinctive features. After all, having many closely spaced sites improves estimates of population connectivity in a region. Taking measurements of how these criteria influence trace element signatures through time will also help researchers understand how important these criteria are in a specific study region.
• Geology. Study the local geologic map for differences in rock types that could lead to differences in local trace element concentrations.
• Habitat. If the study organism spans estuaries and the open coast, include sites with both habitats rather than just the most common habitat.
• Pollution. Incorporate sites that are highly polluted and others that are comparatively uncontaminated, though larvae from polluted sites might suffer higher mortality or delayed development.
• Runoff. Include sites with freshwater runoff and assess how interannual variability in freshwater runoff will influence trace element signatures.
• Local oceanography. Consider including sites where features like retention zones or upwelling centers might create distinctive trace element signatures.
Many factors should be considered when selecting sites for a study of population connectivity using trace element signatures. We have shown that it is possible to have high reclassification success at individual sites, even among multiple closely spaced sites on the open coast. Grouping sites when creating the natal site atlas can dramatically increase reclassification success, but it decreases the level of detail provided by the study. Therefore, it is preferable to include more groups in the atlas, even if the reclassification success is slightly lower than for fewer groups. Following the suggestions above when selecting sites will allow researchers to maintain a high level of detail in their study while achieving high reclassification success.
Our study also reveals the importance of considering scale when designing studies of population connectivity. Typically, researchers seek to match the spatial scale of the study to the spatial scale of the demographics or ecological interactions of the study organism (Wiens 1989 , Levin 1992 . When conducting a study using techniques such as trace elements that rely on factors that are variable over multiple scales, however, researchers must fit their study not only to the spatial scale of those factors but also to the spatial scale that is demographically relevant to the study organism. Researchers must therefore carefully match not only their study organisms but also their methodologies to the spatial scales over which both factors are relevant. Doing so will yield results that are meaningful and provide important and focused insights into how populations are connected through larval dispersal in coastal waters. 
